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TITLE: SYSTEM AND METHOD FOR INDUSTRIAL CONTROLLER 
WITH AN I/O PROCESSOR USING CACHE MEMORY TO 
OPTIMIZE EXCHANGE OF SHARED DATA 

Technical Field 

The present invention relates to the art of industrial controls and more particularly 
to methods and systems for I/O forcing using an I/O processor having cache memory. 

Background of the Invention 

Industrial controllers are special purpose processing devices used for controlling 
industrial processes, machines, manufacturing equipment, and other factory automation 
applications. In accordance with a control program or routine, an industrial controller 
may measure one or more process variables or inputs representative of the status of a 
controlled process, and change outputs effecting control of the process. The inputs and 
outputs may be binary, (e.g., on or off), and/or analog assuming a continuous range of 
values. The control routine may be executed in a series of execution cycles with batch 
processing capabilities, and may comprise one or more functional units. The measured 
inputs received from a controlled process and the outputs transmitted to the process may 
pass through one or more input/output (I/O) modules in a control system, which serve as 
an electrical interface between the controller and the controlled process, and may be 
located proximate or remote from the controller. The inputs and outputs may be recorded 
in an I/O table in processor memory. Input values may be asynchronously read from the 
controlled process by one or more input modules and output values may be written 
directly to the I/O table by a processor for subsequent communication to the process by 
specialized communications circuitry. An output module may interface directly with a 
controlled process, by providing an output from an I/O table to an actuator such as a 
motor, valve, solenoid, and the like. 

During execution of the control routine, values of the inputs and outputs 
exchanged with the controlled process pass through the I/O table. The values of inputs in 
the I/O table may be asynchronously updated from the controlled process by dedicated 
scanning circuitry. This scanning circuitry may communicate with input and/or output 
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modules over a bus on a backplane or network communications. The scanning circuitry 
may also asynchronously write values of the outputs in the I/O table to the controlled 
process. The output values from the I/O table may then be communicated to one or more 
output modules for interfacing with the process. Thus, a controller processor may simply 
access the I/O table rather than needing to communicate directly with the controlled 
process. 

In distributed control systems, controller hardware configuration may be 
facilitated by separating the industrial controller into a number of control modules, each 
of which performs a different function. Particular control modules needed for the control 
task may then be connected together on a common backplane within a rack and/or 
through a network or other communications medium. The control modules may include 
processors, power supplies, network communication modules, and I/O modules 
exchanging input and output signals directly with the controlled process. Data may be 
exchanged between modules using a backplane communications bus, which may be serial 
or parallel, or via a network. In addition to performing I/O operations based solely on 
network communications, smart modules exist which may execute autonomous logical or 
other control programs or routines. 

Various control modules of a distributed industrial control system may be 
spatially distributed along a common communication link in several racks. Certain I/O 
modules may thus be located proximate a portion of the control equipment, and away 
from the remainder of the controller. Data may be communicated with these remote 
modules over a common communication link, or network, wherein all modules on the 
network communicate via a standard communications protocol 

In a typical distributed control system, one or more I/O modules are provided for 
interfacing with a process. The outputs derive their control or output values in the form 
of a message from a master or peer device over a network or a backplane. For example, 
an output module may receive an output value from a processor, such as a programmable 
logic controller (PLC), via a communications network or a backplane communications 
bus. The desired output value is generally sent to the output module in a message, such 
as an I/O message. The output module receiving such a message will provide a 
corresponding output (analog or digital) to the controlled process. Input modules 
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measure a value of a process variable and report the input values to a master or peer 
device over a network or backplane. The input values may be used by a processor {e.g., a 
PLC) for performing control computations. 

Summary of the Invention 

The following presents a simplified summary of the invention in order to provide 
a basic understanding of some aspects of the invention. This summary is not an extensive 
overview of the invention. It is not intended to identify key or critical elements of the 
invention or to delineate the scope of the invention. Its sole purpose is to present some 
concepts of the invention in a simplified form as a prelude to the more detailed 
description that is presented later. 

The present invention relates to a system and method for I/O forcing using an I/O 
processor having cache memory. The present invention provides for a processor and an 
I/O processor to be operatively coupled to a shared memory storing, for example, 
configuration data, I/O force data {e.g., based upon operator input), output data effecting 
control of the process {e.g., to be sent to actuating device(s)) and/or input data 
representative of the status of the controlled process {e.g., received from sensing 
device(s)). 

According to an aspect of the present invention, the I/O processor is operatively 
coupled to a cache memory. The cache memory is selectively loaded with at least a 
portion of the I/O force data stored in the shared memory. The I/O processor can store 
information associated with input(s) in the shared memory based at least in part upon 
input(s) received from sensing device(s) and I/O force data stored in the cache memory. 
The I/O processor can affect control of the process {e.g., via actuating device(s)) based at 
least in part upon output information retrieved from the shared memory and I/O force 
data stored in the cache memory. Typically, input(s) and/or output(s) can change 
frequently and, as such, are not stored in the cache memory. 

Yet another aspect of the present invention provides for the processor to notify the 
I/O processor {e.g } via a command message) in the event I/O force data is altered during 
control program execution. The I/O processor can refresh the cache memory after receipt 
of the notification {e.g., via a "blocked write" to a virtual address in shared memory). 
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The following description and the annexed drawings set forth in detail certain 
illustrative aspects of the invention. These aspects are indicative, however, of but a few 
of the various ways in which the principles of the invention may be employed and the 
present invention is intended to include all such aspects and their equivalents. Other 
advantages and novel features of the invention will become apparent from the following 
detailed description of the invention when considered in conjunction with the drawings. 

Brief Description of the Drawings 

Fig.l is a schematic block diagram of an industrial controller system in 
accordance with an aspect of the present invention. 

Fig. 2 is a schematic block diagram of shared memory in accordance with an 
aspect of the present invention. 

Fig. 3 is an exemplary digital input with force masks applied in accordance with 
an aspect of the present invention. 

Fig. 4 is an exemplary digital output with force masks applied in accordance with 
as aspect of the present invention. 

Fig. 5 is a flow chart illustrating a methodology for caching I/O force mask(s) for 
input(s) in accordance with an aspect of the present invention. 

Fig. 6 is a flow chart further illustrating the methodology of Fig. 5. 

Fig. 7 is a flow chart illustrating a methodology for caching I/O force mask(s) for 
output(s) in accordance with an aspect of the present invention. 

Fig. 8 is a flow chart further illustrating the methodology of Fig. 7. 

Fig. 9 is a perspective illustration of an industrial controller having multiple 
functional modules included within several racks joined by communication links. 

Fig. 10 is a schematic illustration of a single functional module of Fig. 9 
illustrating its connection to a common backplane and communication links to 
communicate with other modules. 
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Detailed Description of the Invention 

The present invention is now described with reference to the drawings, wherein 
like reference numerals are used to refer to like elements throughout. In the following 
description, for purposes of explanation, numerous specific details are set forth in order 
to provide a thorough understanding of the present invention. It may be evident to one 
skilled in the art that the present invention may be practiced without these specific 
details. In other instances, well-known structures and devices are shown in block 
diagram form in order to facilitate description of the present invention. 

Referring to Fig. 1, a system 100 for an industrial controller is illustrated. The 
system 100 includes a processor 1 10 and an I/O processor 120. For example, the 
processor 1 10 can be a central processing unit (CPU), control processor, logic processor 
and/or ladder processor for an industrial controller. The I/O processor 120 can generally 
be dedicated to performing I/O function(s) in a distributed control environment. The 
processor 1 10 and the I/O processor 120 are operatively coupled to shared memory 130 
(e.g., RAM). For example, the processor 1 10 and the I/O processor 120 can be connected 
to the shared memory 130 through a backplane communications bus, which can be serial 
or parallel or via a network. The I/O processor 120 includes a cache memory 140. The 
shared memory 130 includes a virtual memory 131 which allows for memory 
management of the cache memory 140 (e.g., a cacheable, read-only, mirrored image of 
the shared memory which is addressed through a different address space.) 

Turning to Fig. 2, shared memory 130 can include configuration data 132, I/O 
force data 134, output data 136 and/or input data 138. It is to be appreciated that 
information stored in configuration data 132, I/O force data 134, output data 136 and/or 
input data 138 can be stored in any suitable data structure including, but not limited to, 
table(s), database(s), record(s), array(s) and/or list(s). The input data 138 stores 
information associated with the state of sensing device(s) coupled to the system 100 (e.g., 
received via the I/O processor 120). Output data 136 represents the state of output(s) 
effecting control of the process (e.g., actuating device(s) of equipment and/or control(s)) 
controlled by the system 100. For example, the output data 136 can store data employed 
to control actuating device(s)) connected to output type I/O module(s) (not shown). The 
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configuration data 132 can store system level configuration data (e.g., password and/or 
privilege information, port communication parameters) and/or event timeout interval(s)). 

I/O force data 134 can store information to force specific input(s) (e.g., received 
from sensing device(s)) and/or output(s) (e.g., sent to actuating device(s)) to a given logic 
state. I/O forcing is the use of a predetermined value in a control program instead of the 
actual value received from an I/O module or outputting a predetermined value to the I/O 
module instead of the actual value generated by the control program. Forcing is useful, 
for example, for trouble shooting control programs, trouble shooting industrial control 
system(s), bypassing inoperable equipment and/or testing of I/O. 

Turning to Fig. 3 and 4, the I/O force data 1 34 can include a force off mask 204, 
214 and/or a force on mask 208, 218 associated with forcing of an I/O module. For 
input(s), the force off mask 204 is logically AND'd by the I/O processor 120 with the 
actual input(s) 202 received from the I/O module resulting in an interim result 206. The 
interim result 206 is then logically OR'd by the I/O processor 120 with the force on mask 
208 resulting in an input result value 210 that is stored in input data 138 of the shared 
memory 130. Once stored in shared memory 130, the input result value 210 is available 
for use by the control program. 

Similarly, for output(s), the force off mask 214 is logically AND'd by the I/O 
processor 120 with output data 212 retrieved from shared memory 130 by the I/O 
processor 120 resulting in an interim result 216. The interim output result 216 is then 
logically OR'd by the I/O processor 120 with the force on mask 220 resulting in an 
output result value 220 that is then communicated to an I/O module. By having the I/O 
processor 120 perform certain I/O processing function(s), the processor 110 speed and/or 
efficiency can be improved. 

Both the processor 1 10 and the I/O processor 120 generally access information 
stored in the shared memory 130. For example, the I/O processor 120 can store 
information associated with a sensing device in input data 138 (e.g., input value) which 
the processor 1 10 can later access during control program execution. Similarly, the 
processor 1 10 can store information associated with an actuating device in output data 
1 36 which the I/O processor 120 can later access and process in performing I/O 
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function(s). Typically, only one of the processor 1 10 or the I/O processor 120 can access 
information in shared memory 130 at a given time. 

In an industrial control environment, certain information stored in shared memory 
130, for example, output data and/or input data, can change value(s) frequently during 
control program execution. Since this information may be required to be current, it is 
typically not cached (e.g., to protect against undesirable latency and/or staleness of data.) 
To the contrary, other information stored in shared memory 130, for example, 
configuration data and/or I/O force data, typically infrequently changes during control 
program execution. 

In order to reduce the I/O processor's 120 frequency of accessing shared memory 
130, at least a portion of data stored in shared memory 130 that typically infrequently 
changes during control program execution {e.g., I/O force data 134) can be stored in the 
cache memory 140 of the I/O processor 120. For example, the I/O force data 134 can be 
partitioned in memory separate from the dynamically changing input data 138 and/or 
output data 136 and/or the entire shared memory 130 can be mirrored at an additional 
virtual memory space where caching has been enable. The most recent input data 138 
and/or output data 136 can be examined in the non-cached shared memory 130; however, 
the I/O force data 134 can then be access via the cacheable space {e.g., cache memory 
140). In the event that typically infrequently changed data has been altered during 
control program execution, the processor 1 10 can notify the I/O processor 120 {e.g., via a 
command message). Once notified that infrequently changed data has altered, the I/O 
processor 120 can initiate reloading the cache memory 140. For example, once notified 
that infrequently changed data has been altered, the I/O processor 120 can read from the 
shared memory 130 and obtain the updated data (e.g, I/O force data 134). Then the I/O 
processor 120 can write the fresh data to the same virtual location via the cacheable 
address space, noting that the shared memory location address and the virtual memory 
address access the same physical location in memory 130 and that the processor 1 10 has 
already updated these locations in shared memory 130. The actual write to virtual 
memory 131 via the I/O processor 120 can be "blocked", thus only the cache memory 
140 will actually be updated. 
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Thus, once notified that infrequently changed data has been altered, the I/O 
processor 120 can initiate a "blocked write" to the virtual memory. In order to reduce 
potential data inconsistency, the I/O processor 120 does not actually alter the contents of 
any memory location during the "blocked write", a purpose of which is to communicate 
to the cache memory 140 the occurrence of alteration of the infrequently changed data, a 
portion of which may be stored in the cache memory 140. In accordance with generally 
recognized cache memory management technology, once the "blocked write" has been 
initiated by the I/O processor 120, if the address involved in the "blocked write" is stored 
in cache memory 140, the cache memory will refresh its content(s) from the shared 
memory 130. Alternatively, the processor 1 10 can notify the I/O processor 120 of the 
changed value(s), thus allowing the I/O processor 120 to modify the cache memory 140. 

For example, during initialization the processor 1 10 can load value(s) into the I/O 
force data 134 (e.g., force off mask(s) 204, 214 and/or force on mask(s) 208, 218)). 
Thereafter, the I/O processor 120 can load the cache memory 140 with at least a portion 
of the I/O force data 134. During operation of the system 100, in order to reduce 
processing load of the processor 110, the I/O processor 120 can perform I/O forcing. In 
the event that information needed for I/O forcing (e.g., force off mask(s) 204, 214 and/or 
force on mask(s) 208, 218) is stored in the cache memory 140, accesses of the shared 
memory 130 by the I/O processor 120 can be reduced thus potentially increasing 
performance of the processor 110. In the event that I/O force data 134 {e.g., force off 
mask(s) 204, 214 and/or force on mask(s) 208, 21 8) is altered during control program 
execution (e.g., by an operator), the processor 1 10 can notify the I/O processor 120 of the 
occurrence of the alteration. Thereafter, in order to ensure coherency of data stored in the 
shared memory 130 and the cache memory 140, the I/O processor 120 can initiate a 
"blocked write" associated with the altered shared memory address resulting in the cache 
memory 140 being updated if data stored in the altered shared memory address had been 
stored in the cache memory 140. 

It is to be appreciated that while the system 100 has been described with respect 
to I/O force data has been described with respect to binary (e.g., on or off) input(s) and/or 
output(s), the present invention encompasses analog force data (e.g., assuming a 
continuous range of values). In the event that analog force data is contained in the I/O 
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force data 134, for output(s), the analog force value(s) would be sent to the actuating 
device(s) by the I/O processor. Similarly, for input(s), the analog force value(s) would be 
stored in the shared memory 130. 

Additionally, the I/O force data 134 can include enable mask(s) and/or value 
mask(s). The enable mask(s) provide information regarding the bit(s) of information to 
be affected while the value mask(s) provide the value for the affected bit(s) of 
information. Further, the cache memory 140 of the I/O processor 120 can store 
information that generally is infrequently changed during control program execution, for 
example, configuration data, I/O fail safe information, connection table(s) (e.g., 
information related to connection(s) for input(s) and/or output(s)), output keep alive 
table(s) (e.g., information related to frequency and location of keep alive message(s) for 
output module(s)) and/or input time-out information. 

In view of the exemplary systems shown and described above, methodologies, 
which may be implemented in accordance with the present invention, will be better 
appreciated with reference to the flow charts of Fig. 5, 6, 7 and 8. While, for purposes of 
simplicity of explanation, the methodologies are shown and described as a series of 
blocks, it is to be understood and appreciated that the present invention is not limited by 
the order of the blocks, as some blocks may, in accordance with the present invention, 
occur in different orders and/or concurrently with other blocks from that shown and 
described herein. Moreover, not all illustrated blocks may be required to implement a 
methodology in accordance with the present invention. In addition, it will be appreciated 
that the exemplary methods 500, 700 and other methods according to the invention may 
be implemented in association with the industrial control system illustrated and described 
herein, as well as in association with other systems and apparatus not illustrated or 
described. 

The invention may be described in the general context of computer-executable 
instructions, such as program modules, executed by one or more computers or other 
devices. Generally, program modules include routines, programs, objects, components, 
data structures, etc. that perform particular tasks or implement particular abstract data 
types. Typically the functionality of the program modules may be combined or 
distributed as desired in various embodiments. 
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Turning to Fig. 5 and 6, a methodology 500 for caching I/O force mask(s) for 
input(s) in accordance with an aspect of the present invention is illustrated. At 510, 
initial value(s) (e.g., of configuration data 132, I/O force data 134, output data 136 and/or 
input data 138) are loaded into shared memory 130. At 514, the cache memory 140 of 
the I/O processor 120 is loaded with infrequently changed data comprising at least a 
portion of the shared memory 130 {e.g., I/O force data 134). At 520, a determination is 
made by the I/O processor 120 as to whether an update command message has been 
received from the processor 110. If the determination at 520 is NO, processing continues 
at 550. If the determination at 520 is YES, at 524 the I/O processor 120 initiates at 
blocked write to the address(es) in shared memory 130 associated with the update 
command (e.g., shared memory address(es) whose value(s) changed). At 530, at 
determination is made at to whether data from the address(es) associated with the update 
command are stored in cache memory 140 (e.g., by cache memory controller hardware, 
firmware and/or software (not shown)). If the determination at 530 is NO, processing 
continues at 550. If the determination at 540 is YES, at 540, the cache memory 140 is 
updated (e.g, data read from shared memory 130). At 550, input value(s) are received by 
the I/O processor 120 (e.g, from I/O module(s)). At 560, a determination is made 
whether data associated with the input(s) (e.g, I/O force data 134, for example, force off 
mask 204 and/or force on mask 208) is stored in the cache memory 140. If the 
determination at 560 is YES, processing continues at 580. If the determination at 560 is 
NO, at 570, the cache memory 140 is loaded with data associated with the input(s) (e.g, 
I/O force data 134) from shared memory 130. At 580, the input(s) are processed (e.g, 
the input received from the I/O module can be logically AND'd with the force off mask 
204 and the result thereof logically OR'd with the force on mask 208). At 590, the 
processed input value is stored into shared memory 130. At 594, a determination is made 
as to whether the I/O processor is done (e.g., control program execution completed). If 
the determination at 594 is NO, processing continues at 520. If the determination at 594 
is YES, no further processing occurs. 

Referring to Fig. 7 and 8, a methodology 700 for caching I/O force mask(s) for 
output(s) in accordance with an aspect of the present invention is illustrated. At 710, 
initial value(s) (e.g, of configuration data 132, I/O force data 134, output data 136 and/or 
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input data 138) are loaded into shared memory 130. At 714, the cache memory 140 of 
the I/O processor 120 is loaded with infrequently changed data comprising at least a 
portion of the shared memory 130 (e.g., I/O force data 134). At 720, a determination is 
made by the I/O processor 120 as to whether an update command message has been 
received from the processor 110. If the determination at 720 is NO, processing continues 
at 750. If the determination at 720 is YES, at 724 the I/O processor 120 initiates at 
blocked write to the address(es) in shared memory 130 associated with the update 
command (e.g., shared memory address(es) whose value(s) changed). At 730, at 
determination is made at to whether data from the address(es) associated with the update 
command are stored in cache memory 140 (e.g., by cache memory controller hardware, 
firmware and/or software (not shown)). If the determination at 730 is NO, processing 
continues at 750. If the determination at 740 is YES, at 740, the cache memory 140 is 
updated (e.g., data read from shared memory 130). At 750, output value(s) are retrieved 
by the I/O processor 120 from the shared memory 130. At 760, a determination is made 
whether data associated with the output(s) (e.g., I/O force data 134, for example, force off 
mask 204 and/or force on mask 208) is stored in the cache memory 140. If the 
determination at 760 is YES, processing continues at 780. If the determination at 760 is 
NO, at 770, the cache memory 140 is loaded with force data associated with the output(s) 
from shared memory 130. At 780, the output(s) are processed (e.g., the output value(s) 
retrieved from the shared memory 130 can be logically AND'd with the force off mask 
204 and the result thereof logically OR'd with the force on mask 208). At 790, the 
processed output value is used to effect control of the process (e.g., transferred to an I/O 
module). At 794, a determination is made as to whether the I/O processor is done (e.g., 
control program execution completed). If the determination at 794 is NO, processing 
continues at 720. If the determination at 794 is YES, no further processing occurs. 
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Exemplary Control System 
The methods and systems of the present invention may be employed in 
association with many forms of control systems. In order to provide context for the 
various applications in which the aspects of the invention may be carried out, an 
exemplary control system is now illustrated and described with respect to Figs. 9 and 10. 
However, it will be appreciated that the various aspects of the invention may be 
employed in association with controllers and control systems other than those illustrated 
and described herein. A distributed industrial control system 310 suitable for use with 
the present invention provides a first and second rack 31 2 A and 312B for holding a 
number of functional modules 314 electrically interconnected by backplanes 316A and 
3 1 6B running along the rear of the racks 3 1 2A and 3 1 2B respectively. Each module 3 1 4 
may be individually removed from the rack 312A or 312B thereby disconnecting it from 
its respective backplane 3 16 for repair or replacement and to allow custom configuration 
of the distributed system 310. 

The modules 314 within the rack 312A may include, for example, a power supply 
module 31 8, a processor module 326, two communication modules 324A and 324B and 
two I/O modules 320. A power supply module 318 receives an external source of power 
(not shown) and provides regulated voltages to the other modules 314 by means of 
conductors on the backplane 31 6A. The I/O modules 320 provide an interface between 
inputs from, and outputs to external equipment (not shown) via cabling 322 attached to 
the I/O modules 320 at terminals on their front panels. The I/O modules 320 convert 
input signals on the cables 322 into digital words for transmission on the backplane 
316A. The I/O modules 320 also convert other digital words from the backplane 316A to 
the necessary signal levels for control of equipment. 

The communication modules 324A and 324B provide a similar interface between 
the backplane 316A and one of two external high speed communication networks 327A 
and 327B. The high speed communication networks 327 A and 327B may connect with 
other modules 3 14 or with remote racks of I/O modules 320, controller configuration 
tools or systems, or the like. In the example illustrated in Fig. 9, the high speed 
communication network 327A connects with backplane 316A via the communication 
module 324A, whereas the high speed communication network 327B connects the 
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communication module 324B with communication modules 324C and 324D in rack 
3 12B. The processor module 326 processes information provided by the communication 
modules 324A and 324B and the I/O modules 320 according to a stored control program 
or routine, and provides output information to the communication module 324 and the 
I/O modules 320 in response to that stored program and received input messages. 

Referring also to Fig. 10, each functional module 314, is attached to the backplane 
316 by means of a separable electrical connector 330 that permits the removal of the 
module 314 from the backplane 316 so that it may be replaced or repaired without 
disturbing the other modules 314. The backplane 3 1 6 provides the module 3 1 4 with both 
power and a communication channel to the other modules 314. Local communication 
with the other modules 314 through the backplane 316 is accomplished by means of a 
backplane interface 332 which electrically connects the backplane 316 through connector 
330. The backplane interface 332 monitors messages on the backplane 316 to identify 
those messages intended for the particular module 314, based on a message address being 
part of the message and indicating the message destination. Messages received by the 
backplane interface 332 are conveyed to an internal bus 334 in the module 314. 

The internal bus 334 joins the backplane interface 332 with a memory 336, a 
microprocessor 328, front panel circuitry 338, I/O interface circuitry 339 (if the module is 
an I/O module 320) and communication network interface circuitry 341 (if the module is 
a communication module 324). The microprocessor 328 may be a general purpose 
microprocessor providing for the sequential execution of instructions included within the 
memory 336 and the reading and writing of data to and from the memory 336 and the 
other devices associated with the internal bus 334. The microprocessor 328 includes an 
internal clock circuit (not shown) providing the timing of the microprocessor 328 but 
may also communicate with an external clock 343 of improved precision. This clock 343 
may be a crystal controlled oscillator or other time standard including a radio link to an 
external time standard. The precision of the clock 343 may be recorded in the memory 
336 as a quality factor. The panel circuitry 338 includes status indication lights such as 
are well known in the art and manually operable switches such as for locking the module 
314 in the off state. 
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The memory 336 may comprise control programs or routines executed by the 
microprocessor 328 to provide control functions, as well as variables and data necessary 
for the execution of those programs or routines. For I/O modules 320, the memory 336 
may also include an I/O table holding the current state of inputs and outputs received 
from and transmitted to the industrial controller 310 via the I/O modules 320. The 
module 314 may be adapted to perform the various methodologies of the invention, via 
hardware configuration techniques and/or by software programming techniques. 

Although the invention has been shown and described with respect to certain 
illustrated aspects, it will be appreciated that equivalent alterations and modifications will 
occur to others skilled in the art upon the reading and understanding of this specification 
and the annexed drawings. In particular regard to the various functions performed by the 
above described components (assemblies, devices, circuits, systems, etc.), the terms 
(including a reference to a "means") used to describe such components are intended to 
correspond, unless otherwise indicated, to any component which performs the specified 
function of the described component (e.g., that is functionally equivalent), even though 
not structurally equivalent to the disclosed structure, which performs the function in the 
herein illustrated exemplary aspects of the invention. In this regard, it will also be 
recognized that the invention includes a system as well as a computer-readable medium 
having computer-executable instructions for performing the acts and/or events of the 
various methods of the invention. 

In addition, while a particular feature of the invention may have been disclosed 
with respect to only one of several implementations, such feature may be combined with 
one or more other features of the other implementations as may be desired and 
advantageous for any given or particular application. As used in this application, the 
term "component" is intended to refer to a computer-related entity, either hardware, a 
combination of hardware and software, software, or software in execution. For example, 
a component may be, but is not limited to, a process running on a processor, a processor, 
an object, an executable, a thread of execution, a program, and a computer. Furthermore, 
to the extent that the terms "includes", "including", "has", "having", and variants thereof 
are used in either the detailed description or the claims, these terms are intended to be 
inclusive in a manner similar to the term "comprising." 
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